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(57) Abstract: A B-doped Sii* y Ge* C y layer (102) 
(0<x<l, 0.01 S<1) is epitaxial-grown on an Si substrate 
(101) by a UHV-CVD method, and B 2 H 6 is used as 
a boron B material gas being an impurity (dopant) to 
complete an in-situ doping. Then, the layer (102) is 
heat-treated to form a B-doped Sii. x ^ Ge, C, crystal 
layer (103); a heat-treating temperature at this time is 
preferably 700- 1020°C and more preferably 900-1000°C. 
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BM $W « 

S i G e C¥«#*Sffi;RV*©*l3B#$S 
S i G e C^^ISSISV^CDSJS^^KlH-rSo 

*mwit, ivm5hmmm*m<£-c$>z s i g e c^smmss^v *©siag2F*£ 
\ s i £mbim7*m*m^rzmm¥mfa~e&% s i i-x Ge x «si .-x- y g 

e x Cy *s^S5-rfe*o Wfdx 3«»©7cJjS*»&fcS S i i-x- y G e x C y *SH 

BStiT^So S i i-x-y Gex Cy ©jflfSJt&MWiSE-rnfcJU Si 

»J|4:cD^SI-&*«qrt6*C&*. S i i-x-y Gex Cy <Dmm&&m&m 

MTtiis, siifcsi i-x-y g ex Cy m t<D^9- u^m^, &m&b.mn* 

«n «rHI¥ 10-11691 9-^«lcB\ Si/SiGe C Jf ©Hi® C£ b £ 

31^ S i ,-x-y Gex Cy riH<Z>f«fefci\ =&5c^S i, GeS 
VC© f&2>&m<DtfX *frm bt> S iJHfcSV^ttS iGejfCD±^3i 

K^^ri'^;i/fiJ&«*43i«t5'fh^«J»fflfiJiS«5 (CVD&) ^ #td3*©V-* 

* * # « cd H # * in M % £ * T It H J$ ft * fr ft d # ? «» ^ e # * ^> * ; 1/ fig ft 
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& (MBES) teif&m^iotlX^&o -£bT> S i i-x-y Gex C y M%¥M 
fc^nj — $h LT/B^a fc#)£fci> Sii-x-y Gex Cy Jfl*|£ F 
hi&S^tU7ffl^it)§ij)DUs S i i-x-y Gex Cy S©#mM^J:b^ln: 
^iit5^1^$2.. S i ,-x G ex Ji£:feV>TfcJ\ pSFw^hiiUTIi 
#n> (B) nSF-;i>hi:l/t{i'J> (P) < ffl v» ^Ti5 D , ^ 

mi&Mtyte f-^> h §tti-5ui:icj; t> m&mvmmm ^ttt&m&mmx % 

z. btfftHoftx^&o 

El4{± N ^©fgBjmkfrS i i-x-y Gex Cy M^<D F- > UTtfc 
l^fr&d fc&KlfT&ofci^©fc£|l#k*lfc, S i i-x-y Gex CyJI©J:b}& 
Jrb©C#W¥^#ttS^1-iHT-$.^o r-^^W^tlfeM^Si.-,-, Ge 
x C» Ili^ to* S i (DMU tLXS ±2 H 8 £ s 7C^G e ©11^^^ J: b 
tGeHt 5t;^C©M*4*-^ i: It S iH 3 CHa pi^li ( F— ^ 

>n ^fei>^o> (b) (Dmna^ t it b 2 h 6 s^n^tu^r (o^t) 

in-situ F — 7*) x CVD^t.tt), :x tT # * >> ft feas-grown® & © 

ZCDmWitete^X (is S i 2 He MGeH 4 ©IlfcS i i-x-, Ge 

x Cy mcomMmiz&tf zmmtit-feh s±h 3 ch 3 ©sftfi©^^ 

its C^%m&^b^x&kbM l mi±te£A,¥-%.x*$>t), fro, it *g 
#7/J%£^ 0 ^ft£*fU C^*^frl. 6%CSi.-x-, Ge, C, I®« 
l±m t < J^* bTV^o o£!K ilO^^-r*^^^^^^ ;i/fi^S^tlfeS i i-x- 
y Gex Cy M&s ^mfoy 1 ^^ (m?L&s F E TiZ&ttZ,^* * 

niz-D^xoo zimxynmfrffi&ffimnzftfc, s i »-x- y Ge, c y «©b 

ai^CD C^^r^s^^it&^-riglT'^ So dftfi, S i i-x-y Ge, Cy Jlfcjtfn 
>£in-situ K-7*tctb^AtSi^ Sii-x-y Gex CyJicDC^^^t 
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illtm — ©*)©-ef3:&V^ ElSC^tlSj:?^ Si l-x-y G ex Cy Jf^O 

Bigt^teu S i i-x-, Gex C w JfO C % &tfe:?3M4i±fcV>o Z UTs 

H15l;:^;£ft3<fc-5£ N Si i-x-y Gex Cy if O C^^fr^A 5 ^:^ < 
S i i-x-y Gex Cy **©B affile i4K*t 

B«**«l. 6 %©SmK::i3ttaj*«$fcOJi** S N B*ft©^JEfc;eB"r S fc© 

*^BJ^^{i, S i i-x-y Gex C,lOC^^§V>Ml:^ 
^TJrtffifcx^Jf *T ^SS^ in-situ F — 7fc «fc -5 :r fcT* * 
BAs + ^fi§^^fe^b*nTV^*V^ii:K:»S0^fH:S:V^*>fc«I^Ufc, #£35> CVD 
ffiCiS^zl^l (Sil^Sii-, Ge.l) © x t: * * $/ -wi/ #J g © H& h* 
-/t > h Sin-situ K — rr ttx fKWoiK^S'^iaft!:*!: 

h&H&Ds K-/s> h SMtS-fb-r-Sfei&o^Stt^^fc^^. f>ttTV>So 0 
4t*tiats S i i-x-y Gex Cy fli ^ "C & n C^^fSfStfO. 4 5 %&. 
T©i§-&£&s as-grown©^^-etbSltiTL* s /h^V>OT> COS * 
(Dmmnmt IT S i .-x-y Ge» C, JlSfflV^il i:#qrtB , 'C&£o C 3# 
N S i .-x-y Gex Cy ««t»OC^*^^^^ <&5i:. COi5S»t^ 
*1fl±»*T? SftV^ft**^ UTV>*OTJ«±*V>3tPfcJSt>tl*OT?**. HC> 
S i i-x-y G ex Cy ®#0 C-^*^^ 1 «*©«H4#*& < ^ 

lbt5Ci:A s IiW(:to*ot^50"e> 12 4 C^r? 5 — W-TfttBIBt! Sfc 

o 

y Gex Cy «CoV^ B SrS^-fb f § It VXD^m £ M? Z CI £ iz X t) „ 
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ftf/W7®st^i: Lxmm-rzz. t&-%m-&s ± i- x - y g ex c y *mfa 

ffifiaZtitz S i i-x-y GexCy (0<x<l, 0. 0 Uy<D tl^tlS 
S i G e C^ai^lSilSaiK^^S/^^fiJiS***^^ f7 (a) 
J:. ±13 S i G e C g U Tffl^Mt? £M^b £ 3 fc©©M 

(b) £&-g-A,-e^<§<> 

tifeo in-situ \*-7£ti1t*Mta&^\Z9*i'*))/m&£&£-M&fo$ 

ti%£3gz.ibnx^fz'hK Z\<DZ. tfiS i G e CMK.l±&mX' & in-situ h* 
-r^ftfc^tJ-e&oT^ MIC .fcoT+fl-fSMsSft* c fcfc «fc*fc© 

±mmmM(DU&ifi 7 0 0 °CW±l? 1 0 0 0 •C^T©«lt»* C J; *K 

c 5p iu m * %) m ft c m < b f * c £ # x § & o 

±IB3iK^^^-v;vfi8SH:N Si, Ge, CAtf B © 5 -&iJ>& < i: t> v*?"*!* 4 

#3§PJ3© S i G e C^mfoffimit, V Tm^F$&Va%^t$ S i i-. Ge« ( 
0<z<l)li:^ iSii-. Gez U :rffl^#&4&®«l& tfffi^ S 

ii-wCw (0. 0 Uw<l) It^2I«±^SCtIbtM$ns Si 
lx-y G e x C y (0<x<l,0.0 1£y<l) xm$ *i£ f 3 S i 

G e C¥*#ie»fc bt«it5o 

dtlfc: £ tU Sii-z Ge.SfcSii-w C» M £ # — £Mb LT 1 o© S iG 
e C^##&§li£: UTfl&tB-rs £ t Si:-, Ge, «r»J©«L3 

&fr&*yfc < Tfc as-grown© KM-?** l ) rffl^J&fi^tftSteflj £ ftS H h%mm 

ut> ^mfor^J xvm&mmt Lxmm-t^oizmLkfb^^itm,m^^ir 

SSiGe C^mifcfam&mbtiZo 

±ms it-. G e 2 IhSi.-w C, Jl fc©JP»tt«t«C L fc*^bap<ft#£ C 
3JP<fr «£ fct^fcoT^SCfcCfctK Sii-* Ge. Ii:S i.-« CwJlh 
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#=t brnmiz-Mb it iocs i g e atmfom&h Lxmrn-rzo 

^ttlftfcji, ±HB Si!-, G e * MRU'S i i-w C» ^ix^ti 1 . 0 n 

01 (a) , (b) i © i 1 Oilfl t ^3 it 5 B H - 7 S i . -x - f 

Ge* c y 4^^<eii©isi3exjs««Bsa«jk:^'r»f®ia-c**o 

x- y Gex Cy ¥*#*SIi©J*ffiffi©g*b^-*£5a%-rEI , T?*3o 

EI3fcJ: N 2©*JS3g«IK:*fcJ'*B H-rS i Gex Cyfi 

!4tt N BF-rSi i-x-y G ex Cy Ji©ifcj£tfcCD C-M 5* "TBI 

HI5{±s 2^^>Ii^ora&Jlfe, Sii-x-y Gex C,lOB| 
& © C S 5% -r m -e & 3 o 

wt, #»id!k: «ta s i Ge c*mfom^Rv?<Dm&fi&<DniMMfc-3^x 
-m i ommmm- 

Ml (a) , (b) «\ #$8W©f& 1 ©^ffi^$fc:fefr*B r*-:/S i .-x-, 

Ge x Cy 4 t *#©»axes«EB&fl«iK:^-rwfiiiBi , eftao E2«± N ^^b^©^ 

B^&iC&ttS R T AUm<DmblZj$T2> B b* — 7" S i i-x-y Gex Cy *mfo 

*?\ HI (a) C^tlgf, {001}fflf$§S iSttl Oil 

^^^^-fb^^^ffi^S^ (Ultra High Vacuum Chemical Vapor Depositi 
on, UHV-CVD) ^fciD, mfrftftl 300nm©Bh*-7*Si 1 -x-y Ge 
x C, II 0 2 £oc e#3ri/^;i/fi£;S£-y-<5o ^©^S N Si i-x- y G e x Cy £ 
£$tfi£-r &7nig©d *>5niii S i ©Jg*#4#;* i: IT S i 2 He 5cfl G e 
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3b'7HTGeH. £ N tcH? C (DMU # * b T S i H a CHa pl^$i&^ 
(K-;i>h) f*57Kn> (B) CD^tf* £ bTB 2 He ft « V^T 

(o£ tK in-situ K — 7") V>3<> COJ:§, Si* Ha OTGeH 4 ©Sfc:M£: 
S i i-x-y G e x C y M(Dm&.mte&&ZU&. (154 9 0 °C) hit-Mil l> S 
i H 3 CHa ©Sftm©^£^<fb£i*TV^ 0 ^E7Jl±^ ft) 0 . 1 3 3 P a ( = 
1x10 - 3 Torr) . fi&gMfiEti 4 9 0 'CT^So Bf-7Si i-x-, G e x C y 
JB 1 0 2 *©iifl/3&£xJ&[I|#r&jc: J; DMbfcigJUs Si®^t$tt8 2. 5% 
f&tK Ge(Dtf?B13. 2%X&*), CcD^#^ttl. 6%T*&ofco2; 
fe, Si i-x- y Gex C» II 0 2^ 2 &-f * >Ii^«f «fc t) fFfffi b fcijg^ 
s B igSi 2 . 6x10 1 "atoms • c m _3 T?&-2>o 

(HI ( b ) S i i-x-y Gex C, I102Cs Rapid Th 

ermal Annealing (RTA) lz -S I^^S £ Jfg LTn B F-7Sii-x-, Gex 
Cy ftM 103tLfc, 1 MffO^fS (N» ) #ffl|fft> ill 

©«1SSK*08*.«JKJ 9 5 0 °Ci: Us *ffi?I&-ecDfil&l$|l!|$$l 1 5 S>fc bTV> 

So 

m 2l± s RTAUm (M^Um) £^-fb£-l*fci:£©B K-rS i a-x- y Ge 

x Cy mmm 1 0 3<Dttmmcommmum. (rta©mh5s^) ik&vk*mTm 

t^So m 2 i:itf-?li> R T AC*»5«flESJSE* 7 0 0 'C<P& 

1 0 5 0 °C£Tr^b£-ti\ MSB^ &-£© 1 5#£ UTV>5o WBIKlfcV'kT 
> tW®T-^(±BF-7Si i-x-y G ex Cy ffiM 1 0 3 ©Jtjfijfi;* £ b T 
V»*„ Sfes ■EP<Dt ; -*&s $8Wfc©J:bt!t©fc&£BJ&£ft;feB K - 7* S i 1- 
x Gex M (GeCttl^l 3%) ©Jfc«Jfc©»^3Ifijg##te&ij<bTl>* 
o 11121 tc^^tiSckotc. BF-7"Si i-x-y Gex C y 1$SkM 103 ©tbiSiri 
(•BJ)tt N IMSi^S 7 0 0°C#>£ 9 0 0°C©fSISK::^T&M3iMa©±# 
KlJtSCr#iaK:»ii>bTVN*o ^lt> BF-7Si ,-x-y G ex Cy &£JB 1 

0 3©tb*£ttt±N oo'c^uoo o°c©*gH*t?t±ets-^o«* 

fMSiSK* 5 1 0 0 0 e C*MZ.Z i:Wl^*^i^b•tV^So fc£b. v^•^ft© 
B K — 7" S i i-x-y Gex C y &6BJB 10 3lt ^iZ ? * )lffiM& 
IzmmmZfitt^ Zblzk D , as-grown#fiJ; t) it&tfcaM&M b"C v> -5 3 4; ifi 
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frfr£o — 15 s BF-7Si.-» Gex JB<Z> tbjgiri (MVP) «U RTASfffeo 
r*ff &fc>& < x<b'b£ < , m%-fex$>z>o o£ D> B r*-7*S i i-x 

Ge x SCo^ttt, x:t^^r^^;i/£tB5^©^^©fe«>©MS^ff &55§c 

W±©di:fr*>> in-situ F-rSfPix^^^^fiCiotSiLx- 
y Gex Cy Jl&TfcJ&bfe^s S i i-x-y G ex Cy miZtfaH&m&MirZ £\Z& 
^ Si i-x- y Gex Cy M<D hifi£>fr%> 0 o * b % 

, in-situ K — 7"(C J; D ai fcf ^l/jd&g;* fife 1 %U±(D F — > h £^t? 

Sit-x-y Gex Cy JB^:fcV>Tttiftifi#i6^fcV^K«tf»ofc#^ CCDUM 

#s i i-x-y Gex Cy a©jiif MS *fra cttibs 

m2tzmgh&£5kis 700 °c -1020 °c©|gH tims ( 

RTA) Zfttzv Z £iZ X ^ S i !- x -y Gex Cy JiCDtbiSJru^Jil^^-fg^-r 

i*b\z, ug.&9 oo'c-i oo o-comwxmwkmnfjta^tz t s i 
,-x-y Gex Cy /i©ttj&}fi©mii£<g^iii#^uv^ t^fciPSo 

#El0M&*g£3g®S«it ft&ttllp 2 0 0 0 - 0 8 6 1 5 4^) 

AUK (Epitaxial growth of Sii-x-yGexCy film on Si(100) in a SiKL-GeH 
4-CH 3 SiH 3 reaction, (A. Ichikawa et. al. Thin Solid Film 369(2000) 167-1 
70) ) lz£^X, in-situ K — !7"&fli 5 V* * «fc o Xffi-f&Ztl 

fePF-rSii-x-, Gex Cy JB<Otb*SK*as-gpo»nJRJK-C^:*V>C 

ftT^&ir^ fc*»e> N £fc«&i$iiJV^#3fST? C K — r S i i-x- y Ge 

- Cy m<Dmm$nbi±5fcM®:x$>& z t&t>fr?>o ztazttv, *&bmiz£z>£ 

> PMI^^M»F-7Si.-x- y Gex C » »©4£igj5vfb £ 0 3 CI k. ifiX 
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fc:fe> S i i-x-y Gex C, 8£H£Ji V^ T m#$&lfl V 5 * 7 

h 5 >3>**fc£©5*>W ^^St5H^ ±833Mitt3x|ifc}\ flfcttv-;* 

^fex #5SfflgJJ£JIB*efcJu UHV-CVDSCJ;!), S i i-x-y Gex C y JfCD 
ie * *2/-Wl/fi8£*fT&ofe# % *»wa:»f*«a£flfi3l5JIBK:IS«*ti-5 fc©7? 
&&<s iff^H^lS (LP-CVD) as3Scif©flb<ojs!Jft^tiS*ffiV^rf^SKb 

fesi i-x-y Gex Cy mmmizM \sx%mm<D%}mti i &t3ti%> 0 

a; £ ^ * & a *ft#b a # * {3 43 ^ r *> raa © $>Ht 6 tt § o 

^ 2cD^«BBSSK:«k*B i i-x- y Gex C, fgHJl ©#!3&;&tF 

UHV-CVDSia^ S 1 1 1±£ N U7ffl^««"C*5 3l? 

D > (B ) £^<fr S i t-* G e z ( 0 < z < 1 ) Ji3*a#&#f * B h* — 

7SiGeIl 1 3 1 nm) fc N B h* — 7"S iGefl 1 3 iH^ft'J 

7ffl^i!|a©iSisisv^s ii-w c« (o. ouw<i) -f^^nsiis^t 

t5;>H-7SiCll 12 (f*lnm) £: £ 1 5 0 J!0»3«JB b 
JS1 0 4Sx^^ifS/t;«^-&fe. ^©B^ ^Si©IiS*7i:UtSi 
2 He & N ^iGe©JliS^^i:l'CGeH4 55* C ©ISC**** k. b T S i 
H 3 CH 3 £ s p§^» (K-;i>h) tf&-g>#D> (B) ©M*4#;* £ bT 
B 2 He &*ft-*'ftflJWT (oj b in-situ p — ?) ^So SSSJE^7 
it, mo . 133Pa (=1x10 " 3 Torr) , 4 9 0 °CT-fe€>o Xffil 

®»fi6K:j; Ds BH-7SiGefl 13c(J©«SMlfe^ GeOM 
*I42 6. 4%-e2bofe 0 g;fc, XfMtfr&C <fc t)> ;>f-7SiCll 13 

g ei i 1 2 * 2 *>nmfrffimz x *>wm bfcje* % Bigiis. 2x1 

0 18 atoms • c m- 3 T'&^> fe» > K — 7*S i CM 113 JSMfltjC 
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# £> B * fix V^ $ o 

*H«B^USK:«fc t> fls« Ufc S i i-» Ge. /Si.-» C» £«J1 

^atst io4it si c«^t^s i g e m&m?mm&mnte\,\mmzm^mfe 
^mmx&zvx, mwnm^&^mmtmm^n-^^o •? u*r> sicjii 12 
&t>*s i g ei 1 1 3 ©ttn#¥*^b£*i ( v^ii-^b £ n) x, mfe^mm 

1 0 4 loOS i i-x-y Ge, C»| (0<x<l, 0. 0 1 £ y < 1 ) 

i: ITiitS, ^©Sii-x-y Gex CyJl (S i i-* G e * /S i i-w C, 

mmmmfe?) cfetn¥JS6Dfi:Si ) Ge, cst>*BcDii^{±, ^n^n^j8 

5. 2 %> Ul 3. 2%s^Jl. 6 %RT?m2 .6x10 "cra-'ffe D> 01 
l^tSii-x- r Gex Cy 1102 £ lM©ii!S/|E£ * U"CVN^<fe©i:#x.^C 
tifiX £3 0 

#X&So Ufrfc. #£«&J&flg© S i G e c^#<*:«ga©«ijexeK:*v>T:a:> 

$ i <DmmmWi<Dz t <mmm*mir<towi±-&<, as-grown© ««8tf<E«^b* 

g;fc> ;&*§^$t?g 1 0 4 {C43V^Tii> BfiSiGeJBl 1 3 H - t: > ^ 

SftTfc SiCll 1 2 £fcUSi:A,£^5i;ftTV^V^ 121 2&TFH! 4C^t 
J:5K, SiGell 1 3 |*J © B ttas-grora#flBT* K-^> h 4: VXffiBih LX 
^3. ^fes »Jg3igK:*v>TS iGell 1 3 fcfig«> X UM.CD C X T % C 
£:*&t)#3#> El 4 fcjjsf J: 3 0. 4 5 %3ijgg;T:© C©#£i± S i G e 

*HJ6^JSK:*V>Ttt^ SiCll 1 2St>*S i GeI113 ©JP££ 
lnmH, d© 2 o©Jl& 1 5 0 mmW3 Ufcjgl&^ig&ffl l^fc*^ #35IJB 

Si.-: Gex mts i: A, ^ ^ U 7ffl^Mi&^ £ & V> S i C« Itl 

T*£, locDSi i-x- y Gex C y Mb. LXtikmir 3=HJl*83i£*#£ d tifiX § 
So Si.-. Ge, JBXttS i i-« C» A £:g^Nb3M:fc* s £ D -5 , SU 
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<D!ft&ifitiim?Z3&%tiW$> Si.-, Ge. MRV^S C» JlOjp 

Si!-. G e , m%.V S i i-w C« JfcDJP^* 5 -? ft^tl 1 nrntlTtife 
1 nmWK^^ufcAsffi UV> C feei,. Si.-, Ge, Jf &tfS i i-w C« 
*HJS^^^»> UHV-CVD&KlitK Si.-, Ge, Jl&tfS i .-w C 

w M^^S.^^^***/* It %>Z fc{3ct ^ S i l-x-y Gex Cy 

m (LP-CVD) £J^T#iiLfc S i G e , MJ& 

VS i-i— C«Jlfr£>&SSi i-x-, G ex Cy JIMM It %> EI«cD3bJft#*& 

^MteU S i/S iGeCXIiS iGe/S iGe C^f nigStt*! 



WO 01/73852 



11 



PCT/JP01/02524 



nw co> b 

1. 3£*±K^ ^t'JZffl^lSi^tt^nfeSi.-,-, Ge, C, (0<x 
<1, 0. 0Uy<l) -e^n%MStt5SiGeC#TOISxK 

±ibs i g e c^ttasgg*©** u 7ffl^tt»&mttfb3*sfc#><z)8Ma3 

ftlB-T^^y 7* (b ) 

&^ts S i GeC^lfMOlii^. 

2. i^fl 1 ©S i G e C*iMi©«*ac^V>t^ 
±BB*M!L3<Z>$aft)& s 7 0 0 -CWJi-C 1 0 0 0 ■CWT©«H , C**iI fc&4**fc 

tSSiGe C^##!^ffi©Si3t^^o 

3 . 1 Xfc* 2 ©S iGe C^ttijig^Sljg^Sfelcfc^TN 

±IS:ntf*^>^ Si, Ge, C&VB©^ t>'J>& < £<b^?tlti> 

iGe c^mi&mmom&timo 

4. ^t'Jrffl^W^tjSii-, Ge s (0< z< 1 ) 

RS i i-. Ge. m i D U Tffi^S&fctJ©itJg* s «V> S i i- w Cw ( 0 . 

0 1 ^ w< 1 ) Si: 
* 2ttJ&l±2feSK:j«Ji Utifig^ti, 

Siix-yGex Cy ( 0 <x< 1 , 0. 0 1 £y< 1 ) X*gt£ h%>ffl.f&%%? 
§SiGe C^##:^^h LTmmtZ S i G e C ^fl^H, 

5. ^^^4©S i Ge C^m^^Vl^\>X, 

±1BS i Ge a IhSi.-w C, JB i: ©J3»i±Mf«C b fcg^<bip& b 
5JPcfr<fc!> ^Kfeot^SutSMtt^S iGe C^ttlSHo 
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6. fii5}<IS4XJ£5©S i Ge C Hkl ^ T n 

±IBS i i_, G e z MRZFS i i-« C, Jg{±, ^ft^ti 1 . 0 nmWT©f^ 
£WlT3Ci: "T-S S i G e CJtm&tiSko 
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Fig. 4 
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